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| ASTROBIOLOGY.

1. What is Astrobiology?
a) how does Astrobiology relate to Lassen?
2. What are lipids?
3. Lipids in microbes
a) how can lipids help us to identify microbes in the environment?
b) examples from Yellowstone and Lassen
4. Lipids in old rocks
5. Search for evidence of microbial life on Mars using lipids
a) Mars Science Laboratory SAM instrument package
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What is Astrobiology?
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Astrobiology is the scientific study of the origin, evolution,
distribution, and future of life on Earth and in the universe.

 How does life originate and evolve?
» |Is there life beyond Earth and, if so, how can we detect it?

« \What is the future of life on Earth and in the universe?

http://astrobiology.nasa.gov
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Astrobiology is a collaborative effort
— microbiology, ecology, astronomy, geology, paleontology, and chemistry
Researchers begin by studying life on Earth
Earth is the only planet that we know has life!
Microbes have inhabited Earth for 9/10ths of its history

It's likely that microbes will be the type of life we will find elsewhere in the
universe

Where do we find microbial ecosystems today?
We study analog systems

We hope to understand how life existed on early Earth and other planetary bodies

http://astrobiology.nasa.gov




- _o..O ".R'. .‘,‘o.._'

Extreme environments on Earth

hot springs
deep sea hydrothermal vents

deep subsurface

polar regions
hypersaline ponds

arid environments
endolithic communities
high UV
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Thermophile =

Acidophile = acid-loving
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Spirit, Opportunity
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“ICY WORLDS”

Jupiter’s moon Europa

Metallic Core Ice Covering

Liquid Ocean Under Ice
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Saturn’s moon Titan

-prebiotic chemistry

NASA Cassini mission
ESA Huygens probe

Ice volcanoes erupt liquid water

Ethane lakes
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Saturn’s moon Enceladus

Plumes of H,0 vapor erupting
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Extrasolar planets

picture taken of a likely planet
orbiting a distant, sun-like star
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Gemini telescope, Hawai’i




Hot spring?
Fumarole?
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How do we look for evidence of life on Mars?

Biosignatures




BIOSIGNATURES

Chemofossils
Microbially-influenced .
Biominerals

sedimentary structures Lipid biomarkers
e.g., stromatolites T
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Stable isotopic fractionation

Inorganic carbon field
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Capsule
Cell Wall

Cytoplasmic
Membrane

Ribosomes
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Flagella

Types:

1. Oils, fats
2. Waxes

3. Sterols
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saturated
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Saturated, mono-unsaturated, and poly-unsaturated

Fish oil: omega-3 fatty acids

OH

Docosahexaenoic Acid (DHA) (22:6 n-3)
Figure by RMB
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Trans fats
= carcinogens!!
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Trans fats
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Cholesterol

polar region
rigid
steroid
region

non-polar
hydrocarbon
tail

cholesterol orientation in the membrane

Precursor to hormones (aka steroids!)
Vitamin D
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Nucleoid

Cytoplasm

Cytoplasmic membrane

Cell wall
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Grand Prismatic hot spring
Yellowstone
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—&— Syn-Cf mat core (a)
Ferrihydrite under mat (b)
Adj. ferrihydrite core

Log polar glycolipid FAME (ug/g TOC)
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Asmoglomev

n-Cqz
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Hydrocarbons: mono-
and dimethylalkanes
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3 R=H
4 R = CHJ
R3 = H CHJ to n‘CgH”

2o-methylhopane

Brocks et al., 1999
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MARS SAM SUITE

Atmospheric: | | GCMS
C0y. N, noble |
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Lassen Volcanic National Park
Astrobiology Student Interns - Red Bluff High School

Cyanidia




i il
’ '

. _ASIROBIOLOGY.
VARY =

What is Astrobiology?
a) how does Astrobiology relate to Lassen?
What are lipids?
Lipids in microbes
a) how can lipids help us to identify microbes in the environment?
b) examples from Yellowstone and Lassen
Lipids in old rocks
Search for evidence of microbial life on Mars using lipids
a) Mars Science Laboratory SAM instrument package




